Introduction
Tuberculosis (TB) infection remains a threat to global public health security [1] , and can infect the lungs, lymphatic system and other organs [2] . As one of the countries with high TB burden, China has been reported to have an incidence of 67/100 000 population per year, and the number of incident cases of TB in China ranks third worldwide [3] . Although great efforts have been made, China still faces a huge burden on the quality of life of TB patients [4] .
In general, health care workers (HCWs) are considered to have a higher risk for TB infection because of more frequent exposure to patients with active TB compared with the general population [5] [6] [7] . The detailed guidelines of latent TB infection (LTBI) screening and preventive therapy have been implemented for HCWs of high-income countries, and a clear decline in TB infections have been demonstrated under serial surveillance [8] . However, the risk of TB infection is more serious in HCWs of low-and middle-income countries, with an annual LTBI incidence of 5.8% and a high LTBI prevalence ranging from 33% to 79% [9] . Thus, a rigorous TB control programme for HCWs is very necessary in low-and middle-income countries.
Previous studies have reported the risk factors for LTBI in HCWs, such as advanced age, male, smoking history, duration of healthcare service, job category, delayed diagnosis, misdiagnosis and lacking or inadequate personal protective measures [10] [11] [12] . Due to the low cost and simple technology, the tuberculin skin test (TST) is widely used for determining LTBI [13] . Unfortunately, the non-tuberculous mycobacteria and Mycobacterium bovis bacillus Calmette-Guerin (BCG) vaccine strain cannot be differentiated and identified by TST, leading to poor specificity and high false-positive reactions [14, 15] . Interferon γ release assays (IGRAs) are also more specific tools for diagnosing LTBI [16] . The enzymelinked immunospot assay (ELISPOT) (T-SPOT.TB, Oxford Immunotec Ltd., Abingdon, Oxon, UK) based on IGRAs has been considered as a new tool to diagnose LTBI [16] .
Several studies have shown that HCWs at different working locations or job categories may have different risks for TB infection [17, 18] . However, there were limited systematic studies investigating the relationship between working locations or job categories and risk of LTBI based on the T-SPOT.TB assay in HCWs in China.
The aim of this study was to evaluate and analyse the risk factors for LTBI among HCWs at different working locations or job categories in Shandong Provincial Chest Hospital (SPCH) by LTBI screening using T-SPOT.TB assay and to analyse the changes in T-SPOT.TB results from 2010 to 2016 in HCWs. This study may provide valuable evidence for the establishment of TB control programmes for HCWs.
Methods

Study design and participants
All of the HCWs at SPCH were recruited in this cross-sectional study. The inclusion criteria were: (1) HCWs who were tested by the T-SPOT.TB assay in 2016; and (2) the complete basic information and test results were recorded. The exclusion criteria were: (1) HCWs with TB history; (2) pregnant and lactating women; and (3) HCWs who refused to participate in this study. This study was approved by the Ethics Committee of Shandong Province Chest Hospital. Setting SPCH is a provincial specialised lung and heart hospital with 1020 certified HCWs and has a bed capacity of 931, including 381 TB care beds (88 beds with negative pressure facilities), 550 beds for respiratory, tumour, cardiovascular and other departments. Based on hospital management categorisation, the working location is classified as follows: (1) general medicine facility: department of medical administration and nursing department; (2) inpatient TB ward: patients diagnosed as pulmonary TB and extrapulmonary infection, as well as patients with negative result of sputum smear culture; (3) laboratory facility; (4) outpatient medicine; (5) respiratory ward; (6) negative pressure ward for smear-positive and/or culture-positive TB patients; and (7) inpatient non-TB ward. The job categories of the hospital included (1) administrative staff, including the management and finance; (2) clinical officers from the clinical management department, medical administration department, nursing department, the office of quality control, the office of hospital infection management, the office of medical and health care service; (3) physician; (4) laboratory technician from clinical laboratory and pathology department; (5) nurse; (6) patient attendant of medical imaging department, X-ray, B-type ultrasonography; and (7) ward attendant.
Data collection and T-SPOT.TB assay Demographic and social characteristics of participants, including age, sex, job categories, department/ward and duration of healthcare service, were recorded. Blood specimen was collected from each HCW for the T-SPOT.TB assay. T-SPOT.TB assay was performed using T-SPOT.TB assay kit (Oxford Immunotec Ltd.) according to the manufacturer's instructions. Briefly, peripheral blood mononuclear cells were extracted from the blood specimens of participants, followed by washing and concentration. The concentration of cells was diluted to 2.5 × 10 6 cells/mL. The cells were seeded onto precoated plates and then incubated with two antigens (ESAT6 and CFP10) or positive control for 16-20 h at 37°C. The cells in the culture plates were washed using phosphate-buffered saline four times, and then the chromogenic substrate solution was added to each well for 7 min at room temperature. Finally, the number of spots was calculated using ELISPOT automatic plate reader (Oxford Immunotec Ltd.). The results were determined according to the following algorithm: positive: ⩾6 spots and (2) negative: ⩽5 spots. LTBI was diagnosed as a positive T-SPOT.TB result.
Statistical analysis
Statistical analysis was performed using SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). Measurement data were expressed as the mean ± standard deviation, and analysed using independent samples t-test. Enumeration data were represented as n (%) and were analysed using χ 2 test. Demographic and social variables related to LTBI were included in multiple logistic regression model used to analyse the risk factors of LTBI. A P-value of <0.05 was considered statistically significant.
Results
Participant characteristics
There were 1020 HCWs in 2016 at this hospital, among whom 934 HCWs (713 females and 221 males, mean age of 36.15 ± 9.42 years) met inclusion criteria and were included in this study. The mean duration of healthcare service was 11.99 ± 9.47 years. Of the 934 HCWs, 267 (28.5867%) were diagnosed as LTBI with positive result for T-SPOT.TB assay and other HCWs were negative for the test.
The risk factors for LTBI in HCWs
Results of the univariate analysis (Table 1) showed that the rate of positive T-SPOT.TB assay was only closely associated with older age (P < 0.001), longer duration of healthcare service (P < 0.001) and working location (P = 0.002). The inpatient TB ward (41.9118%) and the respiratory ward (30.8333%) had higher risk of LTBI than the negative pressure ward (20.383%). Further multivariable analysis (Table 2 ) demonstrated that HCWs working in the inpatient TB ward (odds ratio (OR) 2.917; 95% confidence interval (CI) 1.852-4.596; P < 0.001) and the respiratory ward (OR 1.840; 95% CI 1.124-3.011; P = 0.015), as well as longer duration of healthcare service (OR 1.048; 95% CI 1.016-1.080; P = 0.003) were risk factors for LTBI. Moreover, the results revealed that the positive rate of T-SPOT.TB assay increased in both physicians and nurses when their working duration increased; moreover, physicians had higher positive rate than nurses for the same working duration (Fig. 1) .
The changes of T-SPOT.TB results from 2010 to 2016 in HCWs
A total of 476 HCWs had T-SPOT.TB results in both 2010 and 2016. The T-SPOT.TB results showed that the conversion rate (from negative in 2010 to positive in 2016) was 24.7899% (118/ 476) in these HCWs at different working locations and job categories, while the reversion rate (from positive in 2010 to negative in 2016) was 3.9916% (19/476) ( Table 3 ). Based on different 
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working locations, the reversion rates were 8.4746% and 9.0909% in the inpatient TB ward and the negative pressure ward, respectively, which were higher than other working locations. On the other hand, the conversion rates in the inpatient TB ward (38.9830%) and the respiratory ward (30.3571%) were higher than other wards. In addition, high reversion rates among clinical officers (6.8965%) and ward attendants (5.7692%) were found, while the conversion rates were increased among clinical officers (31.0345%), physicians (28.3582%) and nurses (27.4039%). However, the change in the rates of T-SPOT.TB results had no significant statistical differences among different working locations as well as different job categories (Table 3 ).
Discussion
It is well known that HCWs are more likely to acquire TB than the general population; thus, the huge efforts on TB infection control are urgent. The present study found that among 934 HCWs, positive T-SPOT.TB results were found in 28.5867% of HCWs. The risk factors for LTBI among HCWs at different working locations or job categories were then investigated, which may contribute to the establishment of TB infection control programmes for HCW. Several epidemiological studies have been conducted to compare the prevalence of LTBI detected by TST and IGRAs in HCWs, and have shown 72% agreement between TST and IGRAs [19] . A recent study has demonstrated that the prevalence of LTBI in HCWs was 31.5% and 25.0% based on TST and IGRAs, respectively, in a moderate TB burden country [20] . As a high TB burden country, the study in China has revealed that the prevalence of LTBI detected by TST in HCWs was 58.0% in an infectious diseases hospital and 33.9% in a non-TB hospital [21] . In addition, Zhou et al. have shown that in a general hospital in Beijing (China), 55.2% of HCWs were positive by TST and 28.7% of cases were positive by T-SPOT.TB [22] . Similarly, our study revealed a prevalence of 28.5867% for LTBI detected by T-SPOT.TB in HCWs. Notably, the prevalence of LTBI in HCWs was 9.9% in Germany [23] and 6.0% in the USA by T-SPOT.TB [13] . These studies suggest that compared with developed countries, developing countries have a higher prevalence of LTBI in HCWs, and the lower prevalence in developed countries may be due to the rigorous implementation and surveillance of LTBI screening and prevention. Thus, TB control programmes for HCWs should be implemented more rigorously to reduce LTBI in China.
In this study, the results of the T-SPOT.TB assay revealed that HCWs with advanced age was associated with positive T-SPOT.TB result, which is consistent with previous studies that have also reported higher prevalence of LTBI in older HCWs [24] [25] [26] [27] . A possible reason for this result is that older HCWs have worked in a hospital for a sufficiently long time to expose themselves to a TB environment in comparison with younger HCWs. Supportively, the present study identified longer duration of healthcare service as an independent risk factor for LTBI with positive T-SPOT.TB result. Consistent with our study, a previous study has reported that the prevalence of LTBI in HCWs is closely related to longer duration of employment, and HCWs with 10 years or more of employment have higher risk for LTBI than those with <1 year of employment [28] . Recent studies have also demonstrated that being employed for longer time increases the risk of LTBI in HCWs [24, 26] . In addition, our study found that the positive rate of T-SPOT.TB assay was positively related to longer working duration in physicians and nurses, and physicians had higher risk than nurses when they had the same working duration. This can be explained that nurse teams have a higher awareness of TB infection control and personal protection in real clinic practice, and they receive management guidance and training more often than physician teams. Furthermore, the current study revealed that the working locations of HCWs were closely associated with the risk of LTBI, and the inpatient TB ward and the respiratory ward were considered as risk factors for high prevalence of LTBI. This result is consistent with a previous report, and it had shown that HCWs who worked in a ward related to TB patients have a higher risk of LTBI [27] . Notably, our study also found that no significant difference was found in the changes of T-SPOT.TB results from 2010 to 2016 based on different working locations and job categories. Moreover, the conversion rates (from negative in 2010 to positive in 2016) of the T-SPOT.TB assay were high in the inpatient TB ward and the respiratory ward, as well as among clinical officers, physicians and nurses; and reversion rates (from negative in 2010 to positive in 2016) were high in the inpatient TB ward and the negative pressure ward, as well as among clinical officers and ward attendants It is well known that TB spreads easily through the air. Although the guidelines on isolation of and protection from TB infection in HCWs have been recommended by the WHO and China's health administration, the special isolation and protection measures cannot be implemented well in practice, such as at SPCH. The number of negative pressure wards is insufficient to treat patients with TB infection in SPCH. Only smear-positive or/and culture-positive TB patients are treated in negative pressure wards, which leads to more TB patients being admitted to general wards. Moreover, due to imperfect laboratory testing techniques, patients with active TB cannot be accurately and fully diagnosed, which also results in more TB patients in general wards, and even in the respiratory ward. As shown in this study, HCWs in the negative pressure ward had lower risk of LTBI than in the inpatient TB ward and the respiratory ward. Therefore, although the diagnostic level has improved in China, sub-optimal isolation measures and protection awareness may be responsible for the high prevalence of LTBI in HCWs.
P-value
Our study had several limitations. First, this was a retrospective study, and the results from this study should be confirmed in a future prospective study. Second, in this study, HCWs were recruited from SPCH with more patients with TB; therefore, these results may not reflect the comprehensive situation in tertiary hospitals. Third, there was lack of investigation about awareness of education and knowledge of TB prevention and control. Finally, because of the low TB incidence of Shandong province in China, our observations may not be generalised to other provinces with high incidence in China.
In conclusion, our data reveal that a longer duration of healthcare service is an independent risk factor for LTBI among HCWs in China. Furthermore, the inpatient TB and respiratory wards have a higher risk for LTBI among HCWs than the negative pressure ward, and the inpatient TB and respiratory wards were also identified as independent risk factors for LTBI. These results prompted that the lack of isolation measures and protection awareness of HCWs greatly influence the high risk of LTBI. Therefore, the current strategy for TB infection control and protection awareness among HCWs should be enhanced.
